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157] ABSTRACT

A plasma or photo-induced chemical vapor deposition
coating process and apparatus are provided for apply-
ing thin dielectric coatings on planar, curved, and large
area substrates. A plasma is generated in a tubular outer
conductor. This plasma or the UV radiation occurring
in the plasma passes through an opening into a reaction
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118/723  chamber. The opening preferably extends axially along
the outer conductor and communicates with the interior
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1
PLASMA-ENHANCED CVD COATING PROCESS

BACKGROUND OF THE INVENTION

The present invention relates in general to a coating
process and apparatus therefor and, more particularly,
to a chemical vapor deposition (CVYD) process and
apparatus for coating various shapes of substrates.

PRIOR ART

It is known to apply a thin coating on lenses for the
purpose of producing, for example, reflecting, polarz-
ing, or anti-reflection lenses. These thin coatings can be
applied by vapor deposition, sputtering, etc. These
coatings, however, have the disadvantage that some of
the important properties, e.g., refractive index, absorp-
tion, or compactness, differ from the properties of the
coating material before it is applied. Consequently, it is
extremely difficult to produce such coatings with spe-
cific properties.

Photo-CVD and plasma-CVD coating processes
used for producing wave guides do not have these dis-
advantages because the coatings obtained by reactive
deposition from a plasma or excitation by UV radiation
are of a structure similar to molten glass of the same
composition. In these processes, a mixture of reaction
gases are reacted, resulting in a coating material which
is deposited on a substrate. These processes have been
optimized heretofore only for round shapes. Thin coat-
ings of less than 100 nm can be produced in only a few
of these known processes. EP 36,191 describes a plas-
ma-CVD coating process in which very thin coatings
can be produced on only the inside of a tube.

EP 17,226 discloses a plasma-CVD coating process
for coating planar surfaces. In this process, the sub-
strates are placed in a quartz tube through which the
reaction gases are passed. The size of the substrate is
limited by the size of the quartz glass tube used, as well
as by the desired surface of the substrate to be coated.
Coating can take place virtually anywhere in the tube;
consequently, a large excess of reaction gas must be
used. Depending on the size and shape of the substrate,
it is not always possible to obtain a sufficiently large
flow of reaction gases across the surface to be coated.
As a result, the coating is applied unevenly and is often
non-homogenous.

DE-OS 37 26 775 discloses a plasma-CVD process
for coating planar surfaces in which a reaction gas flows
through a perforated plate below and parallel to which
is positioned the surface to be coated. The plasma
which initiates the coating reaction i1s generated be-
tween the perforated plate and the surface to be coated.
This process has the advantage that it more effectively
utilizes the reaction gases and permits the coating of
relatively large surfaces. However, this process has the
disadvantage that the gases undergoing reaction cannot
be uniformly removed, which results in an uneven and
non-uniform coating. Since the reaction gases are exited
to form a plasma between the perforated plate and sub-
strate, the danger exists that the plasma will extend into
contact with or through the perforated plate and pro-
duce a coating thereon, which can clog the perforations
in the plate. |

- Similar apparatus is described in EP 74,212 and U.S.
Pat. No. 4,434,742, In the apparatus described in these
~patents, the reaction gas flows through a perforated
plate, the surface to be coated being positioned either
parallel or perpendicular to the perforated plate. Unlike
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the previously described process, the plasma in the
reaction gas is generated below and/or above the perfo-
rated plate in a prechamber. In these apparatus, the
consumed reaction gases cannot always be uniformly
removed. Also, the reaction prechamber and the perfo-
rated plate through which the plasma (exited reaction
gases) passes are heavily coated, resulting in a large

waste of coating matertal and the necessity to f{re-
quently remove coating material from the reaction pre-
chamber passages and the perforated plate.

It 1s, therefore, desired to have a CVD process for
applying thin coatings to substrates and to coat very
large substrates. It is also desired to have such a process
which can be used to apply an even (uniform) coating
on planar and curved substrates. It 1s desired to have
such a process which also avoids the deposition of a
coating onto the reaction gas supply lines and conduc-
tors for the microwave radiation.

SUMMARY OF THE INVENTION

An object of the invention, therefore, is to provide an
improved chemical vapor deposition process or the like
for coating a variety of geometric surfaces. Another
object is to provide apparatus to conduct the process of
the invention.

Upon further study of the specification and appended
claims, further objects and advantages of this invention
will become apparent to those skilled in the art.

To attain the process object of the invention, there 1s
provided a chemical vapor deposition process for pro-
ducing a coating in a reaction chamber in which reac-
tion gas flowing adjacent a surface of a substrate depos-
its a coating thereon, the reaction gas being excited by
energy transferred thereto from a gas discharge or
plasma being produced in a prechamber so as to initiate
deposition of the coating in said reaction chamber, the
improvement comprising introducing at least part of the
reaction gas into the reaction chamber from a source
other than the prechamber, thereby bypassing the pre-
chamber.

It is preferred that the energy in the prechamber is in
the form of a plasma brought about by high frequency
radiation, and that the prechamber has an opening into
the reaction chamber. It 1s also preferred that the sub-
strate i1s coated in the region of the opening.

DETAILED DESCRIPTION

Excitation of the reaction gas is generally caused by
the energy in a prechamber which generally communi-
cates by way of an opening with the reaction chamber.
In a preferred aspect of the present invention, at least
part or one component of the reaction gas flows
through a prechamber and through said opening into a
reaction zone in the reaction chamber. By combining all
of the parts or components of the mixture of reaction
gases in a reaction zone inside the reaction chamber
immediately above the substrate, the possibility of the
deposition of coating material in the prechamber and
reaction mixture supply lines is avoided. This can be
accomplished in a number of preferred embodiments of
the invention. For example, when the reaction gas 1s a
mixture of silicon tetrachloride and oxygen, the oxygen
component can fiow through a prechamber and out an
opening into a reaction zone inside the reaction cham-
ber. The silicon tetrachloride component of the mixture
of reaction gases can be introduced into the reaction
chamber at the opening, thus bypassing the precham-
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ber. Since the oxygen component is, in itself, incapable
of deposition of a coating, no coating takes place in the
prechamber. In a preferred embodiment, the oxygen is
excited to produce a plasma in the prechamber. This
plasma is discharged from the prechamber through an
opening into the reaction zone, where it mixes with the
silicon tetrachloride component at the opening. Only
then is reactive deposition from the mixture of reaction
gases possible.

The process of the present invention is particularly
suitable for plasma-CVD coating processes, plasma
impulse CVD coating processes (PICVD) being pre-
ferred since the consumed reaction gases can easily be
removed between impulses so that each new plasma
impulse acts on a mixture of fresh, unreacted reaction
gases. Apart from the plasma-CVD coating processes, it
is also preferred in an embodiment of the present inven-
tion to excite the reaction gas by UV radiation gener-
ated in a plasma. The photo-CVD coating process can
also be combined with a plasma-CVD coating process
in which the deposition takes place from the reaction
gases in a plasma. The UV radiation promotes the for-
mation of a plasma of reaction gases, so that a smaller
field intensity of the electromagnetic radiation, prefera-
bly microwave radiation, is sufficient to excite the
plasma.

According to a preferred aspect of the present inven-
tion, a part or component of the reaction gas 1s intro-
duced from a plurality of lines into the reaction cham-
ber in a direction somewhat parallel to the surface to be
coated. It is preferred that the reaction gas is in laminar
flow along the surface to be coated so as to achieve a
more even coating. The supply hines for this one compo-
nent are preferably arranged between the reaction
chamber and prechamber in the direction of the reac-
tion zone. The reaction gas emerging from the gas sup-
ply lines flows through a reaction zone substantially
parallel to the surface to be coated.
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In one preferred embodiment, the entire mixture of 4,

reaction gases 1s introduced from supply lines directly
into the reaction zone, thus completely bypassing the

prechamber. In another preferred embodiment, a part of

the reaction gas from which no reactive deposition can
take place 1s passed through a prechamber to a passage
communicating with the reaction chamber. In this em-
bodiment, the component of the reaction gas is excited
to form a plasma which can be passed within the pre-
chamber. The excited plasma flowing from the pre-
chamber into the reaction chamber acts as a conductor
for the exciting high frequency radiation.

In a preferred embodiment, the prechamber 1s formed
of a metal tube, preferably of platinum, which aiso pref-
erably has a slot-shaped opening. The slot in the pre-
chamber is preferably in juxtaposition with and regis-
ters with a similar slot formed in the reaction chamber
so as to form a passage between these chambers. The
reaction of the mixture of reaction gases generally takes
place in a reaction zone below the slot and inside of the
reaction chamber.

It is preferred that when the reactive deposition takes
place from a plasma, the size of the openings or of the
slot has a dimension at least equal to A/40 of the high
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frequency radiation or microwave frequency used in
forming the plasma. A in this case is the wavelength of 65

the high frequency radiation or microwave frequency
of the respective energy source. In this preferred em-
bodiment, the field intensity in the region of the opening

4

or slot is sufficiently high to excite the reaction gas to
initiate the deposition of coating material.

When reaction gas is excited by only UV radiation,
the opening between the prechamber and reaction
chamber can be smaller than A/40. In such instances, it
is preferred that the opening is between 1 mm and 10
mm.

An auxiliary gas can also be passed through the pre-
chamber. The auxiliary gas can be excited to yield a
plasma, and this excitation is conducted through the
auxiliary gas and into the reaction zone. The auxiliary
gas can, in turn, promote the excitation of the mixture of
reaction gases to initiate a reaction which results in
deposition of a coating material.

The auxiliary gas or component of the reaction gas
can be passed through the prechamber a number of
ways. For example, a tubular shield of electrically non-
conductive material, e.g., quartz, can be positioned
preferably concentrically within a tubular prechamber.
This shield can also be provided with a slot-shaped
opening above and registering with the preferred slot-
shaped opening in the prechamber. The gas passing
through this shield is preferably supplied thereto from

both ends of the shield so that the gas or plasma emerg-

ing from the slot-shaped opening in the prechamber is as
uniform as possible in composition. A plasma is prefera-
bly generated at both ends of the shield. In such cases,
a pair of metal rings circumscribing the ends of the
shield generate a plasma which is propagated through
the gases inside the shield. Over the length of the shield,
the plasma acts as a conductor for the electromagnetic
radiation, the source of which is connected to the pre-
chamber, which is always made from a conductive
material, and to the metal rings.

In a preferred embodiment, a dielectric material lines
the inside of a metal prechamber. In such cases, the gas
flowing through the prechamber also flows in the annu-
lar space between the shield and the lining. In such
cases, the slot-shaped opening in the shield can be omit-
ted.

In another preferred embodiment, a dielectric closure
is provided 1n the prechamber to channel the gas pass-
ing through the prechamber to the slot-shaped opening
therein. The dielectric closure also aids in preventing
the flow of reaction gases or consumed reaction gases
into the prechamber.

In another preferred embodiment, the substrate is
displaced relative to the opening when reaction gases
are used to deposit a coating onto a substrate over a
large area. In another preferred embodiment, the pre-
chamber having reaction gas supply lines is displaced
relative to the substrate. These displacements can be
matched to conform to the contour of the surface to be
coated. By displacing the substrate, for example, a num-
ber of times to and fro, a plurality of coating layers can
be applied. This procedure can also be used to produce
thicker coatings. The size of the surface on which depo-
sition of coating takes place can be altered by displacing
the substrate in a direction perpendicular to the opening
between the prechamber and reaction chamber. This
also alters the thickness of the coating deposited. Move-
ment of the substrate can be used to vary the coating
thickness and also create an even coating.

In order to coat relatively large surfaces, a plurality
of prechambers can be connected to one reaction cham-
ber, with the prechambers being capable of being oper-
ated alternatively or together.
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The process of the present invention makes it possible
to apply CVD coatings to large surfaces of about 0.1 to
2% 10 square meters; 2X 10 means a substrate surface
having the dimensions of up to 2 mX 10 m (width-
X length) with the coatings not being restricted to pla-
nar surfaces. Also, a plurality of smaller targets can be
coated. Preferably, the targets are arranged one behind
the other and side by side (two-dimensionally) on a
conveyor belt. Such smaller pieces have surfaces to be
coated of about 2 to 1000 cm?, and preferably 5§ to 100
cm?. |

Using apparatus and the process of the present inven-
tion, dielectric and metal coatings can be applied which
are used, for example, on lenses or beam wave guides.
Reflecting, anti-reflection-coated, or polarizing lenses
can, for example, be produced using the apparatus and
process of the present invention. Wave guides, as de-
scribed, for example, in U.S. Pat. Nos. 4,765,819 and
4,756,734, can be produced. After coating, the sub-
strates can advantageously be treated in 2 manner con-
ventionally used on molten glass.

The process of the present invention can, in principle,
be used with all photo- and plasma-CVD coating pro-
cesses. The PICVD process and continuous wave dis-
charge processes are most preferred when used in con-
junction with the process of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Various other features and attendant advantages of
the present invention will be more fully appreciated as
the same becomes better understood when considered
in conjunction with the accompanying drawings, in
which like reference characters designate the same or
similar parts throughout the several views and wherein:

FIG. 1 is a schematic representation, in vertical sec-
tion, taken along line I—I in FIG. 2, illustrating an
apparatus according to the invention for coating planar
substrates;

FIG. 2 shows in vertical section, taken along line
II—II of FIG. 1, an illustration of the apparatus of FIG.
1; |

FIG. 3 is a schematic representation of another em-
bodiment in which two reaction prechambers are used
in the apparatus of FIG. 1;

FIG. 4 shows another embodiment of FIG. 1 which
can be used for externally coating rods or tubes; and

FIG. § shows another embodiment of FIG. 1 which
can be used for internally coating curved substrates.

DETAILED DESCRIPTION OF THE
DRAWINGS

The apparatus illustrated in FIGS. 1 and 2 contains a
reaction chamber 1 in which substrate 2 is positioned
for coating. Substrate 2 can be displaced both horizon-
tally and vertically (see double-headed arrows). A tubu-
- lar outer conductor 3 is in communication with reaction
chamber 1 via a slot-shaped opening 4 extending axially
along outer conductor 3. Outer conductor 3 includes
electrically conductive material, e.g., platinum, plati-
num-alloy, or alloy from the platinum-group (rhodium,
palladium, iridium, platinum) if a high temperature
plasma is used, respectively, if the conductor 3 is ex-
posed in operation to a temperature from 400° C. to
1100° C. or more; also, copper, stainless steel, or brass if
in operation the temperature of the conductor 3 does
not rise over 500° C., which forms an external shield for
a microwave arrangement. Quter conductor 3 can in-
clude an inner lining § of a chemically resistant dielec-
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tric material which does not absorb microwaves or
absorbs them only to a small extent. Preferred materials
from which lining 5 can be formed are quartz glass
and/or ceramics, e.g., Al)O3; ceramics, Al;O03/MgO
ceramics if the lining § reaches in operation a tempera-
ture above 400° C.; otherwise, a lining 5 made of glass,
such as borosilicate glass, is suitable.

Outer conductor 3 forms a prechamber 6, the inner

space of which can be partitioned by shield 7. Prefera-
bly, the shield 7 comprises chemically resistant dielec-
tric material which does not absorb microwaves or
absorbs them only to a small extent. The shield 7 and the
closure 9 can be formed of the same materials as the
lining 5, preferably glass or quartz glass. If UV should
penetrate through either the shield 7 or the closure 9, a
material transparent to UV, such as quartz or quartz
glass, can be used. The shield 7 is preferably circular,
concentric with the outer conductor 3, and contains a
slot-shaped opening 8 positioned radially with respect
to the opening 4. Dielectric closure 9, formed of a mate-
rial which does not absorb microwaves or absorbs them
only to a small extent, as described above, extends along
the underside of shield 7 substantially paraliel to the
opening 4. Closure 9 can hermetically seal off part of
the prechamber 6 from the reaction chamber 1.

At both ends of shield 7 are annular inner conductors
10 to which microwave energy in the form of micro-
wave pulses from one or more microwave resonators 16
can be coupled. See FIG. 2. The conductors 10 receive
microwave energy in the form of microwave pulses
from resonator 16. By means of a gas passing through
shield 7, a plasma 1s thus formed which acts like an
intrinsic inner conductor to the outer conductor 3 for
the coupled electromagnetic radiation.

Transverse reaction gas supply lines 11, offset oppo-
site one another, are arranged on both stdes of the pas-
sage between the reaction chamber and outer conduc-
tor 3 such that incoming reaction gases in the region of
opening 4 are preferably in laminar flow across the
surface of substrate 2. The reaction gas flow (see ar-
rows) is along the surface of substrate 2 where a coating

-1s deposited. The spent or consumed reaction gases are

then removed by a vacuum means (vacuum pump) via
suction nozzles 12.

The plasma generated inside shield 7 comes into
contact through opening 8 with the reaction gas sup-
plied via reaction gas supply lines 11 or flowing in the
direction of the opening 8. A reaction plasma 17 is thus
forméd in the region of opening 8 and the surface of
substrate 2. This plasma extends from inner conductor
10 along slot-shaped opening 4, above and below said
opening, as far as substrate 2. In accordance with the
present invention, with the apparatus described herein,
the reactive deposition from the plasma is confined to a
small region of the reaction plasma 17, and thus deposi-
tion takes place substantially only on substrate 2.

The substrate 2 can be heated to the reaction temper-
ature by resistance heater 13. The resistance heater 13
can be controlled so that the reaction temperature can
be adapted to differing reaction conditions, for example,
when different reaction gases are used.

FIG. 3 illustrates another embodiment, in which two
microwave sources are arranged in parallel. The princi-
ple of operation in this embodiment is the same as in
FIGS. 1 and 2, except that reaction gas supply lines 11
are only on one side of outer conductor 3, and shield 7
is closed fluidwise to the reaction chamber 1 by dielec-
tric 9. In this case, a plasma is generated inside shield 7,
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and the UV radiation therefrom excites the reaction
gases or generates a reaction plasma in the region of
high field intensity in opening 4. In this case, dielectric
9 must, of course, be transparent to UV radiation.

FIG. 4 illustrates another embodiment used for coat-
ing a rod-shaped substrate 14. The design of the micro-
wave arrangement corresponds to that shown in FIGS.
1 and 2, with the exception that shield 7 is closed to the
reaction chamber 1, and the reaction prechamber 6 has
no closure 9. In this embodiment, the prechamber 6 i1s
closed off from the outside air, and a reaction gas, such
as oxygen, or an auxiliary gas can be introduced into
prechamber 6. The auxiliary gas, for example, argon,
does not impede the chemical vapor deposition reaction
but can form a plasma starting from inner conductors
10, which triggers the reaction of the mixture reaction
gases. |

FIG. 5 illustrates another embodiment used for the
internal coating of a substrate 15 having a curved inner
face. The microwave arrangement used in FIG. 3 corre-
sponds to that in FIGS. 1 and 2. The embodiment
shown in FIGS. 1 and 5 can be used in CVD coating
processes. The shape and dimensions of the apparatus in
FIGS. 1-5 and the output of the microwave resonators
16 can be adapted by those skilled in the art to other
plasma coating processes or photo-CVD coating pro-
cesses. The apparatus in FIGS. 1-5 are not restricted to
coating the substrates shown. By appropriately altering
reaction chamber 1, other-shaped objects can be coated,
for example, cubes, tubes—on the inside as well as on
the outside, blanks for spectacles, irregularly curved
surfaces, etc. |

In a preferred embodiment, the prechamber carrying

the reaction gases and source of excitation can be dis- ,

placed or moved instead of the substrate to be coated. If
the prechamber 6 is provided with closures, as in FIGS.
1-3 and 5, it can be filled with atmospheric air or other
gases. If a dielectric lining § is provided inside outer
conductor 3, the prechamber can also contain an auxil-
iary gas which, when excited, produces a plasma. The
auxiliary gas, for example, argon, can be sealed 1n pre-
chamber 6. In a preferred embodiment, the auxiliary gas
flows axially through reaction prechamber 6.

In another preferred embodiment, the dielectric clo-
sure 9 is used to prevent contact of the auxiliary gas
with the reaction gas and any undesired reactions be-
tween these gases. Closure 9 can be omitted when the
auxiliary gas participates in the reaction or is a neces-
sary component of the reaction gas. In the case of a
reaction prechamber 6 having a dielectric closure 9, the
pressure of the auxiliary gas can be adjusted to the
optimum independently of the pressure of the reaction
gas. If no plasma is generated between outer conductor
3 and shield 7, lining § can also be omitted, since lining
§ is used to prevent a short circuit between the plasma
outside shield 7 and outer conductor 3. The interior of
shield 7 can also be filled with an auxiliary gas or a
component of the reaction gas which alone is incapable
of deposition of a coating.

The auxiliary gases or components of the reaction gas
flowing through prechamber 6 or shield 7 readily form
a plasma, for example, excited by microwave radiation.
This plasma transmits its excitation to the reaction gas in
the region of opening 8. When oxygen is used, for exam-
ple, this transmission of energy is promoted by high
energy UV radiation, with transmission preferably tak-
ing place directly through an opening to the reaction
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gas. In the embodiment shown in FIGS. 1, 2, and §,
transmission takes place through slot-shaped opening 8.

The preferred embodiment shown in FIG. 3 can also
be used for a continuous wave discharge process. In
such a case, the microwave arrangement operates alter-
natively with the direction of displacement of the sub-
strate 2. The reaction gas is introduced through reaction
gas supply lines 11, which point in the direction of
substrate displacement, and a plasma is generated until
the direction of displacement changes. The consumed
gases are then removed by vacuum means in the direc-
tion of displacement of the substrate.

When the entire mixture of reaction gases 1s supplied
through reaction gas supply lines 11, the individual
components of the reaction gas are preferably intro-
duced through different reaction gas supply lines 11, the
result being that the components of the reaction gas are
mixed with one another only in the region of the sub-
strate after discharge from the reaction gas supply lines.
Separating the components of the reaction gas in this
fashion prevents a reactive deposition in the immediate
region of the reaction gas supply lines 11. The use of a
large number of opposing offset reaction gas supply
lines 11 ensures that intimate mixing of the components
of the reaction gas occurs during the flow to the open-
ing 4 and thus to the reaction plasma 17.

According to the present invention, a homogeneous
coating is applied to a substrate along slot-shaped open-
ing 4. The use of the special transverse reaction gas
supply lines 11 prevents deposition on the inner wall of
outer conductor 3 and facilitates deposition primarily
on substrate 2. The continuous flow of reaction gas
across the surface of the substrate is facilitated by the
continuous withdrawal of consumed reaction gases by

5 vacuum means such as a vacuum pump. In a PICVD

process, the rate of gas flow and the interval between
microwave pulses are preferably adjusted so that before
ignition of 2 new plasma, the substrate in the region of
slot-shaped opening 4 is coated by fresh reaction gas,
and the freshly coated surface of the substrate is further
displaced. The duration of the microwave pulse is ad-

justed to effect substantially complete reaction between

the components of the reaction gas mixture. By adjust-
ment of the reaction conditions, such as pressure, reac-
tion gas composition, and pulse sequence, thin coatings,
e.g., monomolecular coatings, can be deposited.

In order to increase the homogeneity of the coating,
it is preferred that microwave energy be supplied from
two sides, as shown in FIG. 2, and that the substrate be
moved perpendicular to the gap (double-headed ar-
row). In this case, the direction and speed of movement
are adjusted with the coating conditions to obtain a
uniform and homogenous coating. The supply of reac-
tion gases from opposing offset lines 11 (FIGS. 1, 4, and
5) has also been found to increase the homogeneity of
the coating. |

Depending on the reaction gases used, it is preferred
to heat the substrate to the specific reaction temperature
in order to prevent the formation of undesired reaction
nroducts. For example, when silicon tetrachloride and
oxygen are used, the reaction temperature is approxi-
mately 1100° C. or is more than 300° C. when silicon
hydride is used with nitrogen dioxide and ammonia as a
reaction gas. Depending on the reaction conditions and
the composition of the substrate, the coating process
can be carried out at temperatures of, for example, 70°
C. to 1600° C. The substrate can be heated, other than
with a resistance heater 13, shown in FIGS. 1-3. For
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example, the substrate can be heated by optical, ther-
mal, or electrical energy. The coating process can be
used on solid bodies, such as glass, glass ceramic, ce-
ramic, or dimensionally stable plastics having no plasti-
cizer, or only a small portion thereof, e.g., CR-39
(CR-39 is a polymer suitable for eyeglasses, the polymer
being polydiethyleneglycol diallylcarbonate.

In a preferred embodiment, a plurality of microwave
arrangements can be operated in parallel, as illustrated
in FIG. 3, in order to increase the deposition rate. Spac-
ing between the microwave elements, the size of the
substrate and the speed of the substrate, can be adjusted
to optimize the coating process.

As illustrated in FIGS. 1-§5, substrates which are
planar or have other shapes, can also be coated. The
movement of the substrate can here be adjusted to com-
pensate for the shape of the substrate, for example, as a
rotary or swinging movement.

Apart from PICVD or continuous wave processes
described with a plasma extending over a substantial
distance, the process of the present invention can also
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be used in other plasma coating processes with, for |

example, a plasma having a small area. In such cases, the
substrate is preferably displaced in a plane below the
plasma so as to obtain a homogenous coating layer.

Without further elaboration, it is believed that one
skilled in the art can, using the preceding description,
utilize the present invention to its fullest extent. The
following preferred specific embodiments are, there-
fore, to be construed as merely illustrative and not limi-
tative of the remainder of the disclosure in any way
whatsoever.

In the foregoing and in the following example, all
temperatures are set forth uncorrected in degrees Cel-
sius; and, unless otherwise indicated, all parts and per-
centages are by weight.

The entire texts of all applications, patents and publi-

cations, cited above and below, and of corresponding
West German Application No. P 38 30 215.2, filed Sept.
6, 1988, are hereby incorporated by reference.

EXAMPLE

A quartz glass pane 400 mm X400 mmX3 mm 18
coated using apparatus substantially corresponding to
that shown in FIGS. 1 and 2. The quartz glass reaction
chamber 1 has internal dimensions of 800 mm X600
mm X 10 mm (length X width X height). A gap extends
over the entire width, central with respect to the length,
and above the gap is secured a tubular outer conductor
3 of platinum, open at both ends. The outer conductor
3 is 700 mm long and has an internal diameter of 40 mm.
The slot-shaped opening 4 of outer conductor 3 is 600
mm X 5 mm. Reaction gas supply lines 11 of quartz glass
are arranged between outer conductor and reaction
chamber 1.

A quartz glass shield 7, 1250 mmX20 mm X2 mm
(length X external diameter Xwall thickness), is ar-
ranged concentrically in outer conductor 3. Shield 7,
which is closed at the bottom on both sides, as shown in
FIGS. 3 and 4, is filled with argon. The pressure in
shield 7 can be between 1 mbar and 0.1 bar. The space
between shield 7 and outer conductor 3 is open to the
atmosphere.

The ends of the shield 7 project outwardly from outer
conductor 3 to the same extent. Dielectric closure 9
separates the majority of the prechamber 6 from the
reaction chamber 1. The inner conductors 10, formed of
platinum, are 100 mm X 25 mm (length X nternal diame-
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ter). The inner conductors 10 project from the ends of
outer conductor 3 in a concentric arrangement into the
interior of the prechamber 6.
The reaction gas comprises silicon tetrachloride and
oxygen in a molar ratio of 1:4. Up to 14 mole percent of
silicon tetrachloride can be replaced by germanium
tetrachloride. Oxygen is supplied through the reaction
gas supply lines 11, separated from the tetrachloride.
The overall mass flow of reaction gas is 600 ml/minute
at 1 bar and 20° C. Intimate mixing of the reaction gas
takes place only outside the reaction gas supply lines 11.
The oxygen can also be supplied through shield 7, as
shown in FIG. 1. |
The coating process is carried out using a microwave
resonator having a frequency of 2.45 GHz, an average
microwave output of 1.5 KW, an mimpulse sequence
frequency of 100 Hz with an impulse length of 1.5 ms
and an impulse break of 8.5 ms.
The gas pressure is 3 mbar, and the quartz glass pane
2 is heated to 1100° C. The rate of displacement of the
quartz glass pane 2 parallel to the slot opening 4 1s 50
mm/s.
A coating rate of approximately 225 nm/minute on
one side of the quartz glass pane was obtained.
The preceding example can be repeated with similar
success by substituting the generically or specifically
described reactants and/or operating conditions of this
invention for those used in the preceding examples.
From the foregoing description, one skilled in the art
can easily ascertain the essential characteristics of this
invention, and without departing from the spirit and
scope thereof, can make various changes and modifica-
tions of the invention to adapt it to various usages and
conditions.
What is claimed 1is:
1. A chemical vapor deposition process for producing
a coating on a surface of a substrate, in which a coating
material is formed in a reaction chamber from a reaction
gas flowing onto a surface to be coated of the substrate,
comprising:
exciting the reaction gas by a gas discharge which is
generated by high-frequency radiation in a tubular
prechamber to initiate reactive deposition on the
surface to be coated of the substrate, the high-fre-
quency radiation being coupled at least at one end
of the tubular prechamber into the latter, the pre-
chamber being connected by at least one energy-
transmittable opening to the reaction chamber;

passing at least part of the reaction gas to the opening
from a source other than the prechamber, thereby
bypassing the prechamber, passing excitation en-
ergy laterally from the tubular prechamber to the
reaction gas via at least one of said openings in the
prechamber;

coating the substrate at substantially only the region

of the opening, said-substrate being in close prox-
imity to the opening; and

either moving the substrate relative to the opening or

moving the prechamber relative to the substrate.

2. A process according to claim 1, wherein the reac-
tion gas is excited to form a plasma, and the substrate is
coated from this plasma.

3. A process according to claim 1, wherein the reac-
tion gas is excited by UV radiation emanating from the
gas discharge generated in the prechamber.

4. A process according to claim 1, wherein the reac-
tion gas is excited to form a plasma and is initiated by
UV radiation occurring in the prechamber.
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5. A process according to claim 1, wherein an elon-
gated slot is used as the opening.

6. A process according to claim 2, wherein an elon-
gated slot is used as the opening.

7. A process according to claim 3, wherein an elon-
gated slot is used as the opening.

8. A process according to claim 4, wherein an elon-
gated slot is used as the opening. |

9. A process according to claim 1, comprising a plu-
rality of openings arranged in a row.

10. A process according to claim 1, wherein the open-
ing has a diameter or a length of at least A/40 of high-
frequency radiation. '

11. A process according to claim 1, wherein the reac-
tion gas is passed between the reaction chamber and the
prechamber to the reaction zone.

12. A process according to claim 1, wherein at least
part of the prechamber is separated from the reaction
chamber by a dielectric closure.

13. A process according to claim 1, wherein part of

the reaction gas is passed to the opening around a
shielding located inside the prechamber.
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part of the reaction gas substantially reaches the reac-
tion chamber.

15. A process according to claim 1, wherein an auxil-
iary gas is excited in the prechamber.

16. A process according to claim 1, wherein the reac-
tive deposition is distributed evenly on the surface to be
coated of the substrate by a displacement of the sub-
strate parallel to the opening.

17. A process according to claim 1, wherein a periph-
eral outer surface of the substrate is coated by rotating
the substrate below the opening.

18. A process according to claim 16, wherein the
surface of the substrate 1s coated a number of times by a
reciprocating movement. |

19. A process according to claim 17, wherein the
surface of the substrate is coated a number of times by a
reciprocating movement.

20. A process according to claim 1, wherein the sub-
strate 1s moved perpendicular to the opening, thereby
altering the size of the surface.

21. A process according to claim 1, wherein gas dis-

" charges are generated in a plurality of prechambers

14. A process according to claim 1, wherein part of 25

the reaction gas is passed through a shielding arranged
in the prechamber above the opening, such that said
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connected by openings to the reaction chamber.
22. A process according to claim 21, wherein the
surface of the substrate has a dimension of 0.1 to 2 me-

ters in width and about 1.0 meter in length.
L x X * *x
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